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STRAIGHT LINE DETECTION APPARATUS
AND STRAIGHT LINE DETECTION
METHOD

TECHNICAL FIELD

The present invention relates to techniques for detecting a
straight line contained in an image.

BACKGROUND ART

The Hough transform may be used to detect a straight line
contained in an image. A line that passes through an arbitrary
point in an image with an X-Y coordinate system is converted
to coordinates (0,p) in the Hough space. The number of
straight lines that can be converted to a particular set of
coordinates (0,p) in the Hough space are counted using a
two-dimensional array [0][p]. Based on the value sets of
coordinates (6,p) with a count larger than a predetermined
threshold in the two-dimensional array [0][p], a straight line
in the X-Y coordinate system is detected.

In Patent Document 1, specified below, an image is divided
into subareas by using the Hough transform to detect a line
segment in the image. In Patent Document 2, also specified
below, an attempt is made to optimize the sampling interval
for the parameters 6 and p in the Hough space depending on
the length of a straight line. In Patent Document 3, specified
below, the Hough transform is also used to detect a line
segment contained in an image.

PRIOR ART DOCUMENTS
Patent Documents

Patent Document 1: JP Heil0 (1998)-283476 A
Patent Document 2: JP Heill (1999)-66302 A
Patent Document 3: JP 2006-107034 A

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

In a method of detecting a straight line using the Hough
transform, the number of points present on the straight line in
the X-Y coordinate system is focused on. The more the num-
ber of points present on the same straight line, the more likely
the straight line will be detected as such. That is, whether the
straight line is detected as such is solely dependent on the
number of points present on the straight line.

However, a user using the image may find some straight
lines in the image important, and others less important. Some
straight lines should be taken into consideration even though
they have a small number of points, and others are of less
interest even though they have a relatively large number of
points.

Further, if the above detection method is used, a straight
line that generally extends in a horizontal direction can be
easily detected in an image with a larger horizontal dimension
than its vertical dimension; conversely, a straight line that
generally extends in a vertical direction may not be detected
as such in the case of a small count even if the density is
relatively large.

Furthermore, straight lines adjacent the corners of the
image have small lengths and are thus even less likely to be
detected as such.

Means to Solve the Problems

A straight line detection apparatus of the present invention
includes: a Hough transform part configured to convert a
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2

straight line that passes through an arbitrary point in a speci-
fied image to a value set of coordinates (0,p) in a Hough space
by representing an arbitrary straight line in the specified
image using a length p of a perpendicular extending from a
reference point of the specified image to the arbitrary straight
line in the specified image and an angle 6 formed by the
perpendicular with a reference axis that passes through the
reference point; a counting part configured to count the num-
ber of conversions by the Hough transform part for each value
set of coordinates (6,p) in the Hough space; an adjustment
part configured to adjust the count for each value set of
coordinates (0,p) by means of weighting depending on at
least one of p and 6; and a detection part configured to detect
the straight line in the specified image by identifying a value
set of coordinates (8,p) for which the adjusted count exceeds
a first threshold.

The above straight line detection apparatus of the present
invention is capable of detecting a straight line after perform-
ing weighting depending on the distance between the straight
line and the origin. In other implementations, the straight line
detection apparatus of the present invention is capable of
detecting a straight line after performing weighting depend-
ing on the slope of the straight line. In still other implemen-
tations, the straight line detection apparatus of the present
invention is capable of detecting a straight line after perform-
ing weighting depending on both the distance between the
straight line and origin and the slope of the straight line.

Another straight line detection apparatus of the present
invention includes: a Hough transform part configured to
convert a straight line that passes through an arbitrary point in
a specified image to a value set of coordinates (8,p) in a
Hough space by representing an arbitrary straight line in the
specified image using a length p of a perpendicular extending
from a reference point of the specified image to the arbitrary
straight line in the specified image and an angle 6 formed by
the perpendicular with a reference axis that passes through
the reference point; an intersection distance calculation part
configured to determine points of intersection where a
straight line in the specified image corresponding to an arbi-
trary value set of coordinates (8,p) inthe Hough space crosses
the periphery of the specified image and calculate the distance
between these points of intersection; a normalization part
configured to count the number of conversions by the Hough
transform part for each value set of coordinates (0,p) in the
Hough space and normalize the count for each value set of
coordinates (0,p) using a corresponding intersection distance
to calculate a normalized count; and a detection part config-
ured to detect the straight line in the specified image by
identifying a value set of coordinates (08,p) for which the
normalized count exceeds a first threshold.

A still another straight line detection apparatus of the
present invention includes: an aspect ratio conversion part
configured to perform aspect ratio conversion to convert the
aspect ratio of a specified image to 1:1 to generate a square
image; a Hough transform part configured to convert a
straight line that passes through an arbitrary point in the
square image to a value set of coordinates (8,p) in a Hough
space by representing an arbitrary straight line in the square
image using a length p of a perpendicular extending from a
reference point of the square image to the arbitrary straight
line in the square image and an angle 6 formed by the per-
pendicular with a reference axis that passes through the ref-
erence point; and a detection part configured to count the
number of conversions by the Hough transform part for each
value set of coordinates (6,p) in the Hough space and detect
the straight line in the square image by identifying a value set
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of coordinates (0,p) for which the count for that value set of
coordinates (8,p) exceeds a first threshold.

The above straight line detection apparatus of the present
invention is capable of detecting a straight line based on
information produced from the Hough transform indepen-
dent of the direction or location of the straight line and using
similar standards. It solves the problem with an image with an
aspect ratio other than 1:1 where it is difficult to detect a
straight line in a vertical or horizontal direction. It also pre-
vents a straight line near a corner of the image from being left
undetected.

A straight line detection method of the present invention
includes: a Hough transform step to convert a straight line that
passes through an arbitrary point in a specified image to a
value set of coordinates (0,p) in a Hough space by represent-
ing an arbitrary straight line in the specified image using a
length p of a perpendicular extending from a reference point
of the specified image to the arbitrary straight line in the
specified image and an angle 6 formed by the perpendicular
with a reference axis that passes through the reference point;
a counting step to count the number of conversions in the
Hough transform step for each value set of coordinates (6,p)
in the Hough space; an adjustment step to adjust the count for
each value set of coordinates (6,p) by means of weighting
depending on at least one of p and 0; and a detection step to
detect the straight line in the specified image by identifying a
value set of coordinates (6,p) for which the adjusted count
exceeds a first threshold.

Another straight line detection method of the present
invention includes: a Hough transform step to convert a
straight line that passes through an arbitrary point in a speci-
fied image to a value set of coordinates (0,p) in a Hough space
by representing an arbitrary straight line in the specified
image using a length p of a perpendicular extending from a
reference point of the specified image to the arbitrary straight
line in the specified image and an angle 6 formed by the
perpendicular with a reference axis that passes through the
reference point; an intersection distance calculation step to
determine points of intersection where a straight line in the
specified image corresponding to an arbitrary value set of
coordinates (0,p) in the Hough space crosses the periphery of
the specified image and calculate the distance between these
points of intersection; a normalization step to count the num-
ber of conversions in the Hough transform step for each value
set of coordinates (8,p) in the Hough space and normalize the
count for each value set of coordinates (6,p) using a corre-
sponding intersection distance to calculate a normalized
count; and a detection step to detect the straight line in the
specified image by identifying a value set of coordinates (6,p)
for which the normalized count exceeds a first threshold.

A still another straight line detection method of the present
invention includes: a conversion step to perform aspect ratio
conversion to convert the aspect ratio of a specified image to
1:1 to generate a square image; a Hough transform step to
convert a straight line that passes through an arbitrary point in
the square image to a value set of coordinates (6,p) in a Hough
space by representing an arbitrary straight line in the square
image using a length p of a perpendicular extending from a
reference point of the square image to the arbitrary straight
line in the square image and an angle 6 formed by the per-
pendicular with a reference axis that passes through the ref-
erence point; and a detection step to count the number of
conversions in the Hough transform step for each value set of
coordinates (0,p) in the Hough space and detect the straight
line in the square image by identifying a value set of coordi-
nates (0,p) for which the count for that value set of coordi-
nates (0,p) exceeds a first threshold.

10

15

20

25

30

35

40

45

50

55

60

65

4

An object of the present invention is to provide a technique
to detect a straight line, taking into consideration not only the
number of points but also other properties of the straight line.
Another object of the present invention is to provide a tech-
nique to detect a straight line independent of the direction or
location of the straight line and using similar standards.

The objects, features, aspects and advantages of the present
invention will be made clear by the following detailed
description and attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a straight line detection appa-
ratus according to a first embodiment.

FIG. 2 is a graph illustrating how a straight line can be
represented in binary image data.

FIG. 3 is a graph illustrating a Hough space.

FIG. 4 is a graph illustrating a weighting function f(x) used
to adjust a count depending on the distance p.

FIG. 5 is a graph illustrating a weighting function g(x) used
to adjust a count depending on the angle 6.

FIG. 6 is a block diagram of a straight line detection appa-
ratus according to a fourth embodiment.

FIG. 7 is a graph illustrating a straight line that cuts up
binary image data.

FIG. 8 is a block diagram of a straight line detection appa-
ratus according to an eighth embodiment.

FIG. 9 is a block diagram of a straight line detection appa-
ratus according to a tenth embodiment.

FIG. 10 is a block diagram of a straight line detection
apparatus according to a thirteenth embodiment.

EMBODIMENTS FOR CARRYING OUT THE
INVENTION

First Embodiment
1-1. Overall Flow of Process

FIG. 1 is a block diagram of a straight line detection appa-
ratus 1 according to a first embodiment. The straight line
detection apparatus 1 includes a brightness image generator
11, contour extraction unit 12, binary converter 13, Hough
transform unit 14, Hough table 15, and straight line detection
unit 16.

Inthe present embodiment, the brightness image generator
11, contour extraction unit 12, binary converter 13, Hough
transform unit 14 and straight line detection unit 16 are imple-
mented by hardware circuitry. Alternatively, these functional
units may be implemented by a CPU and software running on
the CPU.

The brightness image generator 11 receives color image
data 101. The color image data 101 may be, for example, an
image captured by an imaging device, not shown. The color
image data 101 may be, for example, image data of a YCbCr
color space or RGB color space. Based on the color image
data 101, the brightness image generator 11 generates bright-
ness image data 102. For example, if the color image data 101
is image data of YCbCr color space, the brightness image
generator 11 extracts Y signals to generate brightness image
data 102.

The contour extraction unit 12 receives the brightness
image data 102. Based on the brightness image data 102, the
contour extraction unit 12 generates the contour image data
103. In the present embodiment, the contour extraction unit
12 uses a Sobel filter to perform contour extraction. A Sobel
filter detects a contour using first space derivation. The con-



US 9,195,902 B2

5

tour extraction unit 12 outputs an absolute value of the filter
output, which is treated as the strength of a line segment. The
present embodiment is not limited to a particular filter. For
example, a Laplacian filter may be used.

The binary converter 13 receives the contour image data
103. Based on the contour image data 103, the binary con-
verter 13 generates binary image data 104. The contour image
data 103 is gray-scale image data. The binary converter 13
converts the value of each pixel in the contour image data 103
to zero or one based on a predetermined threshold.

The Hough transform unit 14 receives the binary image
data 104. The Hough transform unit 14 performs a Hough
transform on the binary image data 104 and writes the result
into the Hough table 15. More specifically, the Hough trans-
form unit 14 stores the result of a Hough transform into a
two-dimensional array [p][0]. The process of the Hough
transform will be described in detail further below.

The straight line detection unit 16 includes an adjustment
unit 161. The straight line detection unit 16 refers to the
Hough table 15 and detects a straight line contained in the
binary image data 104. The process performed by the straight
line detection unit 16, including the adjustment unit 161, will
be described in detail further below.

1-2. Hough Transform

The process performed by the Hough transform unit 14
will be described in detail. For an arbitrary point contained in
the binary image data 104, the Hough transform unit 14
converts lines that pass through that point to coordinates (6,p)
in the Hough space.

FIG. 2 is a graph illustrating the binary image data 104. In
the binary image data 104, the origin O and X and'Y coordi-
nates are defined, as shown in FIG. 2. FIG. 2 shows some of
the points contained in the binary image data 104, designated
by 51 to 55. As used herein, points contained in the binary
image data 104 means points to which the pixel value “one”
is assigned as a result of binary conversion. The straight line
61 that passes through the point 51 may be expressed in
Equation 1, which uses 6 and p:

[Equation 1]

X cos O+ sin O=p

M

In Equation 1,p is the length of the perpendicular 62
extending from the origin to the straight line 61. 0 is the angle
formed by the perpendicular 62 with the positive direction of
the X-axis.

Multiple straight lines that pass through the point 51 are
possible. The number of straight lines that pass through the
point 51 depends on the sampling interval of 8 and p. Accord-
ingly, a plurality of value sets of coordinates (6,p) in the
Hough space are associated with one point in the binary
image data 104.

As shown in FIG. 2, the points 51 to 53 are arranged on one
straight line. Straight lines passing through each of the points
52 and 53 are also converted to a plurality of value sets of
coordinates (8,p) in the Hough space. Then, based on all the
points 51 to 53, the Hough transform is performed on the
straight line 61, which is associated with the same value set of
coordinates (8,p).

FIG. 3 is a graph illustrating a Hough space. Each of the
sinusoidal curves 71 to 75 represents a collection of the points
in the Hough space produced from the Hough transform of the
corresponding one of the points 51 to 55. The coordinates
(81,p1) where the sinusoidal curves 71 to 73 intersect corre-
sponds to the straight line 61.
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6

Thus, ifa plurality of points are present on the same straight
line in the binary image data 104, these points in the binary
image are converted to the same point in the Hough space.
The number of points that can be converted to each value set
of coordinates (0,p) in the Hough space is counted before the
straight line is detected. The Hough table 15 contains a two-
dimensional array T[0][p]. That is, the Hough transform is
performed on every point of the binary image data 104 and the
resulting counts are stored in the two-dimensional array T[0]

[o]-

1-3. Straight Line Detection

The straight line detection unit 16 refers to the Hough table
15 and detects a straight line contained in the binary image
data 104. The straight line detection unit 16 does not use the
results of conversion as generated by the Hough transform
unit 14 to detect a straight line, but adjusts the contents of the
Hough table 15 and detects a straight line. The adjustment
process is performed by the adjustment unit 161.

The process performed by the adjustment unit 161 will be
described. The adjustment unit 161 uses the function {{(x) to
adjust the counts in the two-dimensional array T[0][p]. The
function f(x) is to weight a count in the two-dimensional array
T[6][p] depending on the distance p. The function f(x) takes
p as an input and outputs an adjustment factor f(p). The
adjustment factor f(p) is a factor by which a count is multi-
plied.

For a large value of the function f(x), a count is highly
evaluated. For example, adjustments are done to make it more
likely that a straight line is detected even if the count is
relatively small. For a small value of the function f(x), a count
is lowly evaluated.

FIG. 4 is a graph illustrating the function f(x) according to
the present embodiment. As shown, the function f(x) takes the
maximum ¢ for x=0, and has large values near x=0. As the
value of x becomes farther from 0, the value of the function
f(x) decreases, and is at the minimum b for x=a and x=-a.

Equation 2 shows the function f{(x). The function {(x) is a
quartic function of x, and takes the maximum c¢ for x=0 and
takes the minimum b for x=a and x=-a, as discussed above.

[Equation 2]

(c=b) 4 _2Ae=b), @

fo=—

a2

In Equation 2, a, b and ¢ are constants that determine the
properties of the function f(x). The adjustment properties of
the adjustment unit 161 may be freely changed by changing
the values of a, b and c. For example, a, b and ¢ may take the
values shown in Equation 3:

[Equation 3]

a=vVw?+h? 3

b=10.5
c=1.0

In Equation 3, w is the horizontal dimension of the binary
image 104, and h is the vertical dimension of the binary image
104 (see F1G. 2). That is, “a” represents the distance between
the origin O and each corner of the binary image 104. As “a”
is established as shown in Equation 3, the value of the func-
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tion f(x) is the smallest at four corners of the binary image
104. That is, the weighting is the smallest for straight lines, of
which distance from the origin O is a half value of a diagonal
of the specified image (binary image). The weighting of a
straight line becomes larger as the distance from the origin O
becomes smaller. [fb=0.5 and ¢=1.0, the maximum weight is
twice the minimum weight.

As shown in Equation 4, the adjustment unit 161 multiplies
the count for each value set of coordinates (6,p) by the adjust-
ment factor f{p) to obtain an adjusted count Tc[0][p];

[Equation 4]

Te[0][p]=T[8][p]*/P) Q)

Thus, in the present embodiment, adjustments are per-
formed to weight a count depending on the distance between
the straight line and the origin. For example, in the example
shown in FIG. 4 and Equation 2, adjustments are done such
that a straight line with a small distance to the origin O is
highly evaluated. Thus, straight line detection is possible with
emphasis on straight lines passing through or near the center
of the image.

Using the function f(x) shown in Equation 2, a straight line
can be more easily detected for smaller distances from the
origin. This is because the peak of the function {(x) is at x=0.
Thus, if the peak is shifted in a direction of the x-axis, straight
line detection is possible with emphasis on straight lines at a
predetermined distance from the origin. The function f(x)
shown in Equation 2 calculates an adjustment factor by which
a count is multiplied; however, a function that calculates an
adjustment factor that is added to a count may be used.

The straight line detection unit 16 refers to the Hough table
15 adjusted by the adjustment unit 161 and detects a straight
line. The straight line detection unit 16 has a predetermined
threshold used to determine a straight line (first threshold).
The straight line detection unit 16 identifies, in the two-
dimensional array [0][p], a value set of coordinates (6,p) that
stores a count exceeding the first threshold. Based on the
identified value set of coordinates (6,p), the straight line
detection unit 16 identifies a straight line contained in the
binary image data 104. The straight line detection unit 16
outputs detection information.

Second Embodiment

Next, a second embodiment of the present invention will be
described. The configuration of a straight line detection appa-
ratus 1 of the second embodiment is the same as that of the
first embodiment shown in FIG. 1. In the first embodiment,
the adjustment unit 161 adjusts a count based on the distance
p between the straight line and the origin. In the second
embodiment, the adjustment unit 161 adjusts a count based on
a value of 6 (see FIG. 2) formed by the perpendicular 62
extending from the origin to the straight line with the positive
direction of the x-axis. In the first embodiment, the adjust-
ment unit 161 uses the function f(x) shown in FIG. 4 to adjust
a count. In the second embodiment, the adjustment unit 161
uses a function g(x) shown in FIG. 5 to adjust a count. The
function g(x) takes 6 as an input and outputs an adjustment
factor g(0). The adjustment factor g(0) is a factor by which a
count is multiplied.

As shown in FIG. 5, the function g(x) takes the maximum
k at x=d and x=m-d, and has large values near x=d and x=r—d.
Further, the function g(x) takes smaller values as the value of
x becomes farther from d and m—d, and takes the minimum e
at a point distant from the peak by s along the x-axis.

Equation 5 shows the function g(x). The function g(x) is
defined in the domain from O to m, and is a combination of
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g(x)=e with a quartic function for x. With the property of
g(x-m)=g(x), a weighting function with similar properties
may be defined for a domain where 6 is larger than . Of
course, a completely different function may be used in a
domain where 0 is larger than 7.

[Equation 5]
g = ®)
=e
O=<x<d-s)
(k—e) 2k —e)
=— (x-a¢ = (x—d? +k
(d-s=<x<d+s)
=e
(d+s<x<m—d-s)
:(k;e)(x—d)“—z(ksz_e)(x—d)2+k
(m—d-s=<x<-d+s)
=e
(m—d+s=<x<n)

In Equation 5, d, s, e and k are constants that determine the
properties of the function g(x). The adjustment properties of
the adjustment unit 161 may be freely changed by changing
the values of d, s, e and k. For example, d, s, ¢ and k may take
the values shown in Equation 6:

[Equation 6]

©

If d=n/6, as shown in Equation 6, detection is done with the
greatest emphasis being on straight lines that are perpendicu-
lar to straight lines that form an angle of 7/6 or 57/6 with the
positive direction of the x-axis. Then, if s=n/12, a count is
highly evaluated in a domain where the slope of the perpen-
dicular 62 changes from the peak by +r/12. The evaluation of
a count is the lowest in a domain where the slope of the
perpendicular 62 changes form the peak by /12 or larger. If
e=0.5 and k=1.0, the maximum weight is twice the minimum
weight.

As shown in Equation 7, the adjustment unit 161 multiplies
the count of each value set of coordinates (0,p) by the adjust-
ment factor g(0) to obtain an adjusted count Tc[0][p]:

[Equation 7]

Te[0][p]=T[8][p]*2(6) M
Thus, in the present embodiment, a count is adjusted by
weighting it depending on the slope of the straight line. For
example, in the example shown in FIG. 5 and Equation 5,
adjustments are done such that straight lines with two angles
are highly evaluated. The angle of a straight line to be detected
may be freely set by changing the value of d freely and
shifting the peak along the x-axis.
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Of course, the function g(x) shown in FIG. 5 and Equation
5 is merely an example. The function g(x) may be freely set
depending on the purpose of detecting a straight line.

The straight line detection unit 16 refers to the Hough table
15 adjusted by the adjustment unit 161 and detects a straight
line. The straight line detection unit 16 has a predetermined
threshold used to determine a straight line (first threshold).
The straight line detection unit 16 identifies, in the two-
dimensional array [0][p], a value set of coordinates (6,p) that
stores a count exceeding the first threshold. Based on the
identified value set of coordinates (6,p), the straight line
detection unit 16 identifies a straight line contained in the
binary image data 104. The straight line detection unit 16
outputs detection information.

Third Embodiment

Next, a third embodiment of the present invention will be
described. The configuration of a straight line detection appa-
ratus 1 of the third embodiment is the same as that of the first
embodiment shown in FIG. 1. In the first embodiment, the
adjustment unit 161 adjusts a count based on the distance p
between the straight line and the origin. In the second
embodiment, the adjustment unit 161 adjusts a count based on
a value of 0 formed by the perpendicular 62 extending from
the origin to the straight line with the positive direction of the
x-axis. The third embodiment is a combination of the first and
second embodiments.

Equation 8 shows a method of adjusting/calculating a
count in the third embodiment. That is, the adjustment unit
161 multiplies a count in the two-dimensional array [0][p] by
both adjustment factors f(p) and g(0). Thus, a straight line
may be detected by weighting both the distance from the
origin and the slope of the straight line. For example, straight
line detection is possible with emphasis on straight lines with
a particular slope and at a particular distance from the origin.

[Equation 8]

Te[0][p]=T[8] [p]*fp)*2(6)

{Variation 1}

In the first embodiment, the function f(x) with one peak for
the distance p is used for adjustments. A function with two
peaks for the distance p, such as the function g(x), may be
used for adjustments. Alternatively, a weighting function with
three or more peaks for the distance p may be used.

In the second embodiment, the function g(x) with two
peaks for the angle 6 is used for adjustments. A function with
one peak for the angle 0, such as the function f(x), may be
used for adjustments. Alternatively, a weighting function with
three or more peaks for the angle 6 may be used.

®)

Fourth Embodiment

Next, a fourth embodiment of the present invention will be
described. FIG. 6 is a functional block diagram of a straight
line detection apparatus 1A according to the fourth embodi-
ment. The configuration of the straight line detection appara-
tus 1A is different from the straight line detection apparatus 1
of'the first embodiment shown in FIG. 1 in the configuration
of the straight line detection unit 16.

The straight line detection unit 16 of the fourth embodi-
ment includes, in addition to the adjustment unit 161, an
intersection distance calculation unit 162 and a normalization
unit 163. The other components and functions of the straight
line detection apparatus 1A are the same as those of the first
embodiment. That is, the functions of the brightness image
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generator 11, contour extraction unit 12, binary converter 13,
Hough transform unit 14 and Hough table 15 are the same as
those of the first embodiment.

The straight line detection unit 16 includes the adjustment
unit 161, intersection distance calculation unit 162 and nor-
malization unit 163. The straight line detection unit 16 refers
to the Hough table 15 and detects a straight line contained in
the binary image data 104. The straight line detection unit 16
does not use the results of conversion as produced by the
Hough transform unit 14 to detect a straight line, but adjusts
the contents of the Hough table 15 before detecting a straight
line. The adjustments are done by the adjustment unit 161, as
in the first embodiment; however, in the present embodiment,
in addition to the adjustment unit 161, the intersection dis-
tance calculation unit 162 and normalization unit 163 are
involved.

The process performed by the intersection distance calcu-
lation unit 162 will be described. FIG. 7 shows a straight line
81 contained in the binary image data 104. The length of the
perpendicular 82 extending from the origin O to the straight
line 81 is denoted by p. The angle formed by the perpendicu-
lar 82 with the positive direction of the X-axis is denoted by
0.

InFIG. 7, the binary image data 104 is a rectangle of image
data with a horizontal dimension (along the X-axis) of 2w and
a vertical dimension (along the Y-axis) of 2h. The origin O is
positioned at the center of the binary image data 104.

The straight line 81 crosses the periphery of the binary
image data 104 at the points PO (x0,y0) and P1 (x1,y1). In
other words, when the straight line 81 cuts up the binary
image data 104, the two points of intersection of the straight
line 81 and the periphery of the binary image data 104 are the
points PO (x0,y0) and P1 (x1,y1). The intersection distance
calculation unit 161 calculates the distance between the two
points of intersections, i.e. the distance between the points PO
(x0,y0) and P1 (x1,y1) (intersection distance Len).

The method of calculating a distance in the present
embodiment will be specifically described. First, the method
of determining the coordinates (x0,y0) of the point PO and the
coordinates (x1,y1) of the point P1 will be described. In the
present embodiment, the X coordinate x0 of the point PO is
calculated from the point of intersection of the straight line 81
and straight line y=h, and the X coordinate x1 of the point P1
is calculated form the point of intersection of the straight line
81 and straight line y==h. The Y coordinate y0 of the point PO
is calculated form the point of intersection of the straight line
81 and straight line x=w, and the Y coordinate y1 of the point
P1 is calculated from the point of intersection of the straight
line 81 and straight line x=—w.

First, it is supposed that the straight line 81 is parallel to the
X orY axis. Then, the intersection distance Len is calculated
by the following method, without calculating the coordinates
of'the points PO and P1 in the above method.

If cos 6=0, i.e. the straight line 81 is parallel to the X-axis,
the intersection distance Len may be expressed in Equation 9:

[Equation 9]

Len=2.0xw ()]

If sin 6=0, i.e. the straight line 81 is parallel to the Y axis,
the intersection distance Len may be expressed in Equation
10:

[Equation 10]

Len=2.0xk (10)
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Next, the X coordinate x0 of the point PO, which is the point
of intersection of the straight line 81 and straight line y=-h is
calculated. x0 is expressed in Equation 11:

[Equation 11]

_p—hxsin@ (11

0
¥ cosf

Next, the X coordinate x1 of the point P1, which is the point
of intersection of the straight line 81 and straight line y=-h, is
calculated. x1 is expressed in Equation 12:

[Equation 12]

_p- (—h) X sinf

e (12)

cosf

Next, the Y coordinate yO ofthe point PO, which is the point
of intersection of the straight line 81 and straight line x=w, is
calculated. y0 is expressed in Equation 13:

[Equation 13]

_ p—wXcosd

30 = a3

sinf

Next, the Y coordinate y1 ofthe point P1, which is the point
of intersection of the straight line 81 and straight line x=—w,
is calculated. y1 is expressed in Equation 14:

[Equation 14]

p—(—w)xcosf (14)

1=
’ sinf

Then, if x0 is smaller than —w, x0 is —w, as shown in
Equation 15. That is, if the point of intersection is outside the
frame edges ofthe binary image, the X coordinate of the point
of intersection is that of a frame edge. If the point of intersec-
tion is outside the frame edges of the binary image as mea-
sured in the X coordinate, the X coordinate is that of a frame
edge in all cases, as shown in Equation 15. That is, if x0 is
larger than w, X0 is equal to w. If x1 is smaller than -w, x1 is
equal to —w. If x1 is larger than w, x1 is equal to w.

[Equation 15]

20 = —w(if x0 < —-w) (15)
20 = w(if x0 > w)
xl = —w(if x1 <-w)

x1 = w(if x1 >w)

If the point of intersection is outside the frame edges of the
binary image as measured in the Y coordinate, the Y coordi-
nate is that of a frame edge in all cases, as shown in Equation
16. That is, if y0 is smaller than -h, yO is equal to —h. If y0 is
larger than h, y0 is equal to h. If y1 is smaller than -h, y1 is
equal to -h. If y1 is larger than h, y1 is equal to h:
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[Equation 16]

¥0 = —h (if Y0 < —h)
¥0 = hGE y0 > &)
yl = —h(f yl < —h)
yl = hGf yl > )

(16)

Thus, when the coordinates of the points PO (x0,y0) and P1
(x1,y1) are determined, the intersection distance calculation
unit 162 performs the operation of Equation 17 to calculate
the intersection distance Len:

[Equation 17]

Len:\/(xo-x1)2+(yo-y1)2 (17)

In Equation 17, 1fx0,x1, y0 and y1 do not satisfy Equation
15 or 16, they are calculated by Equations 11 to 14; if they
satisfy Equation 15 or 16, they are established by Equation 15
or 16.

Using the above calculation method, the intersection dis-
tance calculation unit 162 refers to the Hough table 15 and
calculates the intersection distance Len for every value set of
coordinates (0,p) that is a straight line candidate. That is, the
intersection distance Len is calculated for each value set of
coordinates (6,p) that stores a count that is not less than one in
the two-dimensional array [0][p]. Alternatively, the intersec-
tion distance Len may be calculated for the entire two-dimen-
sional array [0][p], including elements where the count is
zero. For example, the intersection distance L.en may be cal-
culated in advance for every combination (8,p), and the Len
[6][p] may be maintained as a lookup table.

The normalization unit 163 divides the count for each value
set of coordinates (8,p) by the intersection distance Len cal-
culated for each value set of coordinates (8,p) to normalize
the count. The normalization unit 163 divides the count for
each value set of coordinates (6,p) storing a count that is not
less than one in the two-dimensional array [0][p] by the
intersection distance Len. Alternatively, the intersection dis-
tance Len may be calculated for the entire two-dimensional
array [0][p], as discussed above, and every count may be
normalized using the corresponding intersection distance
Len. In other words, the normalization unit 163 adjusts the
count for a straight line in a binary image to a value per unit
length.

The straight line detection unit 16 performs both the adjust-
ment process by the adjustment unit 161 as described in the
first embodiment, and the adjustment process by the above
normalization unit 163. Thus, a count in the two-dimensional
array [0][p] is adjusted as shown in Equation 18:

[Equation 18]

T[9lle]

Len

(18)

Telf][p] = #fp)

The adjustment equation of Equation 18 shows a combi-
nation of the adjustment process by the adjustment unit 161
according to the first embodiment and the adjustment process
by the normalization unit 163. That is, the equation has the
property of detecting straight lines with emphasis on those
located at a particular distance from the origin, and normal-
izes a count using the intersection distance Len to evaluate a
count per unit length.
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The straight line detection unit 16 refers to the Hough table
15 adjusted by the adjustment unit 161 and normalization unit
163 and detects a straight line. The straight line detection unit
16 has a predetermined threshold used to determine a straight
line (first threshold). The straight line detection unit 16 iden-
tifies, in the two-dimensional array [0][p], a value set of
coordinates (0,p) that stores a count exceeding the first
threshold. Based on the identified value set of coordinates
(8,p), the straight line detection unit 16 identifies a straight
line contained in the binary image data 104. The straight line
detection unit 16 outputs detection information. The first
threshold of the present embodiment may be different from
that of the first to third embodiments.

Thus, the straight line detection apparatus 1A ofthe present
embodiment adjusts the Hough table 15 by normalizing it
before detecting a straight line. Normalization is done by
dividing a count in the two-dimensional array [6][p] by the
intersection distance Len. In the example shown in FIG. 7, the
intersection distance Len of a horizontal straight line is large
and that of a vertical straight line is small. Thus, a count stored
in the two-dimensional array [8][p] for a horizontal straight
line will be divided by a larger value than in the case of a
vertical straight line.

This prevents the problem that for binary image data 104,
a horizontal straight line can be detected easily but a vertical
straight line can be detected with difficulty. Alternatively, it
may prevent the problem that a straight line near a corner of
the image can be detected with difficulty. Even if the aspect
ratio of an image is not 1:1, straight lines in any direction or
at any position in the image can be detected using the same
standard. Further, the adjustments using the function f(x)
make straight line detection possible with emphasis on
straight lines located at a particular distance from the origin.

Fifth Embodiment

Next, a fifth embodiment of the present embodiment will
be described. In the fourth embodiment illustrated above, the
adjustment process of the first embodiment and the adjust-
ment process by the normalization unit 163 are combined. In
the fifth embodiment, the adjustment process of the second
embodiment and the adjustment process by the normalization
unit 163 are combined.

Equation 19 shows an adjustment equation according to
the fifth embodiment:

[Equation 19]

T91(p]
Len

a9

Tel6llp) = #£(0)

Thus, a count in the two-dimensional array [0][p] is
divided by the intersection distance Len and thus normalized,
and adjusted by the function g(x). That is, in the fifth embodi-
ment, a count is normalized using the intersection distance
Len, and straight lines may be detected with emphasis on a
particular slope.

Sixth Embodiment

Next, a sixth embodiment of the present invention will be
described. The sixth embodiment combines the adjustment
process of the first embodiment, the adjustment process of the
second embodiment and the adjustment process by the nor-
malization unit 163.
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Equation 20 shows an adjustment equation according to
the sixth embodiment:

[Equation 20]

T[9lle]

Len

20

Telf][p] = * [ () g(6)

Thus, a count in the two-dimensional array [0][p] is
divided by the intersection distance Len and thus normalized,
and adjusted by the functions f(x) and g(x). That is, in the
sixth embodiment, a count is normalized using the intersec-
tion distance Len, and straight lines may be detected with
emphasis on a particular distance from the origin and a par-
ticular slope.

Seventh Embodiment

Next, a seventh embodiment of the present invention will
be described. A straight line detection apparatus 1A of the
seventh embodiment can be represented by the same func-
tional block as that shown in FIG. 6. However, the seventh
embodiment is different from the fourth to sixth embodi-
ments in the process by the straight line detection unit 16.

In the fourth to sixth embodiments, a count for each value
set of coordinates (0,p) in the Hough space is divided by the
intersection distance Len and normalized. That is, a normal-
ized count is calculated for every straight line candidate and is
compared with a first threshold.

In the seventh embodiment, straight lines with an intersec-
tion distance Len below a predetermined threshold (second
threshold) are excluded from straight line detection. For
example, straight lines located near a corner of the binary
image data 104 and having a small intersection distance Len
are excluded from detection. This may prevent dots on a
straight line that have a small density but have a very small
intersection distance Len and thus have an increased normal-
ized count from being falsely recognized as a straight line.
Alternatively, it may prevent a large number of straight lines
having a very small length near a corner of an image from
being detected.

For example, if information regarding a corner of an image
is not considered very important, the second threshold may be
relatively large such that focus is placed on an area near the
center of the image in detecting a straight line.

Eighth Embodiment

Next, an eight embodiment of the present invention will be
described. The straight line detection apparatus 1A of the
eight embodiment can be represented by the same functional
block as that shown in FIG. 6. However, the eight embodi-
ment is different from the fourth to sixth embodiments in the
process by the straight line detection unit 16.

In the fourth to sixth embodiments, the coordinates of the
points PO and P1 are determined by the method shown in
Equations 11 to 14 to calculate the intersection distance Len.
In the eight embodiment, the intersection distance Len is
calculated where the distance between the straight line and
the origin O is zero.

That is, when calculating the intersection distance Len of a
straight line in a binary image that corresponds to a value set
of coordinates (8,p), the intersection distance calculation unit
162 replaces p by zero before calculating the intersection
distance Len.
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Calculating the intersection distance Len in this way
reduces the amount of operation of the intersection distance
calculation unit 162, thereby increasing the process speed.
Specifically, p is replaced by zero in Equations 11 to 14,
thereby simplifying the equations.

Ninth Embodiment

Next, a ninth embodiment of the present invention will be
described. FIG. 8 is a block diagram of a straight line detec-
tion apparatus 1B according to the ninth embodiment.

Similar to the straight line detection apparatus 1A of the
fourth embodiment, the straight line determines apparatus 1B
of the ninth embodiment includes a brightness image genera-
tor 11, contour extraction unit 12, binary converter 13, Hough
transform unit 14, and Hough table 15. The functions of these
functional units are the same as those of the fourth to sixth
embodiments.

The straight line detection unit 16 of the ninth embodiment
is different from those of the fourth to sixth embodiments in
that it does not include the intersection distance calculation
unit 162 and normalization unit 163. In the ninth embodi-
ment, the straight line detection unit 16 detects a straight line
without normalizing the Hough table 15.

The straight line detection apparatus 1B includes an aspect
ratio converter 17. The aspect ratio converter 17 receives a
color image 101 and converts the color image to a square
color image with an aspect ratio of 1:1. When the aspect ratio
is changed, the image must be scaled up or down. While the
scaling-up is not limited to a particular method, the image
may be scaled up using linear interpolation, for example. If
the image is to be scaled down, the image may be thinned, for
example. Even when the aspect ratio is changed, a straight
line is converted to a straight line.

The brightness image generator 11, contour extraction unit
12, binary converter 13, and Hough transform unit 14 perform
the same processes as those of the fourth to sixth embodi-
ments. The processes are performed on a converted square
image with an aspect ratio of 1:1.

The Hough table 15 provides a count for a value set of
coordinates (0,p) after conversion by the Hough converter 14,
using a two-dimensional array [0][p]. The count is adjusted
by the adjustment unit 161. Specifically, similar to the fourth
to sixth embodiments, the functions for weighting f(x) and
g(x), for example, may be used to adjust the count.

The straight line detection unit 16 has a predetermined
threshold used to determine a straight line (first threshold).
The straight line detection unit 16 identifies, in the two-
dimensional array [0][p], a value set of coordinates (6,p) that
stores a count exceeding the first threshold. Based on the
identified value set of coordinates (6,p), the straight line
detection unit 16 identifies a straight line contained in the
binary image data 104. The straight line detection unit 16
outputs detection information. The first threshold may be
different from that of the fourth to sixth embodiments.

Thus, the straight line detection apparatus 1B of the present
embodiment converts the aspect ratio to 1:1 before perform-
ing the Hough transform. This solves the problem that the
likelihood of straight line detection is different depending on
its direction in the image.

In the present embodiment, the aspect ratio is converted
before generating a brightness image. However, aspect ratio
conversion may occur at any time prior to the Hough trans-
form being performed. For example, aspect ratio conversion
may occur after brightness image generation, after contour
extraction, or after binary conversion. A straight line detected
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in a square image is converted to a straight line contained in
the color image 101 by operations that convert the aspect ratio
back to its original value.

Tenth Embodiment

Next, a tenth embodiment of the present invention will be
described. FIG. 9 is a functional block diagram of a straight
line detection apparatus 1C according to the tenth embodi-
ment. Similar to the straight line detection apparatus 1A of the
fourth embodiment of FIG. 6, the straight line detection appa-
ratus 1C of the tenth embodiment includes a brightness image
generator 11, contour extraction unit 12, binary converter 13,
Hough transform unit 14 and Hough table 15. The functions
of these functional units are similar to those of the fourth to
sixth embodiments.

The straight line detection apparatus 1C is different from
the straight line detection apparatus 1A of the fourth embodi-
ment in the configuration of the straight line detection unit 16.
The straight line detection unit 16 of the straight line detection
apparatus 1C includes an intersection distance calculation
unit 162 and a normalization unit 163 similar to those of the
fourth embodiment, but does not include an adjustment unit
161. The adjustment of the Hough table 15 is only performed
by the intersection distance calculation unit 162 and normal-
ization unit 163.

Using a calculation method similar to that of the fourth
embodiment, the intersection distance calculation unit 162
refers to the Hough table 15 and calculates the intersection
distance Len for every value set of coordinates (6,p) that is a
straight line candidate. That is, the intersection distance Len
is calculated for each value set of coordinates (8,p) that stores
a count that is not less than one in the two-dimensional array
[6][p]. Alternatively, the intersection distance Len may be
calculated for the entire two-dimensional array [0][p],
including elements where the count is zero. For example, the
intersection distance Len may be calculated in advance for
every combination (8,p), and the Len [6][p] may be main-
tained as a lookup table.

The normalization unit 163 divides the count for each value
set of coordinates (8,p) by the intersection distance Len cal-
culated for each value set of coordinates (8,p) to normalize
the count. The normalization unit 163 divides the count for
each value set of coordinates (6,p) storing a count that is not
less than one in the two-dimensional array [0][p] by the
intersection distance Len. Alternatively, the intersection dis-
tance Len may be calculated for the entire two-dimensional
array [0][p], as discussed above, and every count may be
normalized using the corresponding intersection distance
Len. In other words, the normalization unit 163 adjusts the
count for a straight line in a binary image to a value per unit
length. Thus, the adjustment of the Hough table 15 (the two-
dimensional array [0][p]) is completed.

The straight line detection unit 16 refers to the Hough table
15 adjusted by the adjustment unit 161 and detects a straight
line. The straight line detection unit 16 has a predetermined
threshold used to determine a straight line (first threshold).
The straight line detection unit 16 identifies, in the two-
dimensional array [0][p], a value set of coordinates (0,p) that
stores a count exceeding the first threshold. Based on the
identified value set of coordinates (6,p), the straight line
detection unit 16 identifies a straight line contained in the
binary image data 104. The straight line detection unit 16
outputs detection information. The first threshold of the
present embodiment may be different from that of the first to
ninth embodiments.
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Thus, the straight line detection apparatus 1C of the present
embodiment adjusts the Hough table 15 by normalizing it
before detecting a straight line. Normalization is done by
dividing a count in the two-dimensional array [6][p] by the
intersection distance Len. In the example shown in FIG. 7, the
intersection distance Len of a horizontal straight line is large
and that of a vertical straight line is small. Thus, a count stored
in the two-dimensional array [8][p] for a horizontal straight
line will be divided by a larger value than in the case of a
vertical straight line.

This prevents the problem that for binary image data 104,
a horizontal straight line can be detected easily but a vertical
straight line can be detected with difficulty. Alternatively, it
may prevent the problem that a straight line near a corner of
the image can be detected with difficulty. Even if the aspect
ratio of an image is not 1:1, straight lines in any direction or
at any position in the image can be detected using the same
standard.

Eleventh Embodiment

Next, an eleventh embodiment of the present invention will
be described. A straight line detection apparatus of the elev-
enth embodiment can be represented by the same functional
block as that shown in FIG. 9. However, the eleventh embodi-
ment is different from the tenth embodiment in the processes
by the straight line detection unit 16.

In the tenth embodiment, a count for each value set of
coordinates (8,p) in the Hough space is divided by the inter-
section distance Len and normalized. That is, a normalized
count is calculated for every straight line candidate and is
compared with a first threshold.

In the eleventh embodiment, straight lines with an inter-
section distance Len below a predetermined threshold (sec-
ond threshold) are excluded from straight line detection. For
example, straight lines located near a corner of the binary
image data 104 and having a small intersection distance Len
are excluded from detection. This may prevent dots on a
straight line that have a small density but have a very small
intersection distance Len and thus have an increased normal-
ized count from being falsely recognized as a straight line.
Alternatively, it may prevent a large number of straight lines
having a very small length near a corner of an image from
being detected.

For example, if information regarding a corner of an image
is not considered very important, the second threshold may be
relatively large such that focus is placed on an area near the
center of the image in detecting a straight line.

Twelfth Embodiment

Next, atwelfth embodiment of the present invention will be
described. A straight line detection apparatus of the twelfth
embodiment can be represented by the same functional block
as that shown in FIG. 9. However, the twelfth embodiment is
different from the tenth embodiment in the process by the
straight line detection unit 16.

Inthe tenth embodiment, similar to the fourth embodiment,
the coordinates of the points PO and P1 are determined by the
method shown in Equations 11 to 14 to calculate the intersec-
tion distance Len. In the twelfth embodiment, the intersection
distance Len is calculated where the distance between the
straight line and the origin O is zero.

That is, when calculating the intersection distance Len of a
straight line in a binary image that corresponds to a value set
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of coordinates (8,p), the intersection distance calculation unit
162 replaces p by zero before calculating the intersection
distance Len.

Calculating the intersection distance Len in this way
reduces the amount of operation of the intersection distance
calculation unit 161, thereby increasing the process speed.
Specifically, p is replaced by zero in Equations 11 to 14,
thereby simplifying the equations.

Thirteenth Embodiment

Next, a thirteenth embodiment of the present invention will
be described. FIG. 10 is a block diagram of a straight line
detection apparatus 1D according to the thirteenth embodi-
ment.

Similar to the straight line detection apparatus 1 of the tenth
embodiment, the straight line detection apparatus 1D of the
thirteenth embodiment includes a brightness image generator
11, contour extraction unit 12, binary converter 13, Hough
transform unit 14 and Hough table 15. The functions of these
functional units are similar to those of the first embodiment.

The straight line detection unit 16 of the thirteenth embodi-
ment is different from that of the tenth embodiment in that it
does not include the intersection distance calculation unit 162
and normalization unit 163. In the thirteenth embodiment, the
straight line detection unit 16 detects a straight line without
normalizing the Hough table 15.

The straight line detection apparatus 1D includes an aspect
ratio converter 17. The aspect ratio converter 17 receives a
color image 101 and converts the color image to a square
color image with an aspect ratio of 1:1. When the aspect ratio
is changed, the image must be scaled up or down. While the
scaling-up is not limited to a particular method, the image
may be scaled up using linear interpolation, for example. If
the image is to be scaled down, the image may be thinned, for
example. Even when the aspect ratio is changed, a straight
line is converted to a straight line.

The brightness image generator 11, contour extraction unit
12, binary converter 13, and Hough transform unit 14 perform
the same processes as those of the first embodiment. The
processes are performed on a converted square image with an
aspect ratio of 1:1.

The Hough table 15 provides a count for a value set of
coordinates (0,p) after conversion by the Hough converter 14,
using a two-dimensional array [0][p]. The straight line detec-
tion unit 16 has a predetermined threshold used to determine
a straight line (first threshold). The straight line detection unit
16 identifies, in the two-dimensional array [0][p], a value set
of coordinates (8,p) that stores a count exceeding the first
threshold. Based on the identified value set of coordinates
(0,p), the straight line detection unit 16 identifies a straight
line contained in the binary image data 104. The straight line
detection unit 16 outputs detection information. The first
threshold may be different from that of the tenth embodiment.

Thus, the straight line detection apparatus 1D of the present
embodiment converts the aspect ratio to 1:1 before perform-
ing the Hough transform. This solves the problem that the
likelihood of straight line detection is different depending on
its direction in the image.

In the present embodiment, the aspect ratio is converted
before generating a brightness image. However, aspect ratio
conversion may occur at any time prior to the Hough trans-
form being performed. For example, aspect ratio conversion
may occur after brightness image generation, after contour
extraction, or after binary conversion. A straight line detected
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in a square image is converted to a straight line contained in
the color image 101 by operations that convert the aspect ratio
back to its original value.

Fourteenth Embodiment

In the above embodiments, an image is binarized prior to
the Hough transform being performed. In the fourteenth
embodiment, an image is not binarized. An image includes
multiple values, such as 0-255.

A straight line detection apparatus of the fourteenth
embodiment can be represented by the same block diagram as
that for the straight line detection apparatus 1 or 1A to 1D of
FIG. 1, 6, or 8 to 10. However, the straight line detection
apparatus of the fourteenth embodiment does not include the
binary converter 13.

The Hough transform unit 14 performs the Hough trans-
form on all the points contained in the contour image data 103
or 113. The points contained in the contour image data 103 or
113 include multiple pixel values such as 0-255, and the
Hough transform is performed on all these points.

In the above embodiments, the Hough transform unit 14
stores, in the two-variable array [8][p], the number of times
the Hough transform is performed on points contained in the
binary image data 104 or 114. In other words, if the Hough
transform results in a value set of coordinates (6,p) N times,
the count stored in the two-variable array [0][p] is N.

In the fourteenth embodiment, a value dependent on the
strength of the line segment of points contained in the contour
image data 103 or 113 is stored in the two-variable array
[0][p]. For example, a pixel value may be added to the two-
variable array [0][p] to provide a count. Alternatively, a pixel
value may be converted in a predetermined manner and the
resulting value may be added to the two-variable array [0][p].
That is, weighting is performed depending on the magnitude
of the amount of characteristic of the pixel before counting
the number of conversions in the two-variable array [6][p].

The subsequent processes are the same as those of the
above embodiments. The count is adjusted by at least one of
the weighting function f(x) and g(x), or normalized. Alterna-
tively, the count is adjusted by at least one of the weighting
function f(x) and g(x) and then normalized. Thereafter, the
count is compared with a threshold. According to the four-
teenth embodiment, binarization is not done, which is advan-
tageous when a straight line with a relatively small strength is
to be detected, for example.

{Variation 2}

In the first to thirteenth embodiments, the center of the
binary image data 104 is represented by the origin and straight
lines in the binary image data 104 are represented by 0 and p.
Alternatively, the origin may represent any location in the
image. Still alternatively, the origin may represent a location
outside the frame of the binary image data 104.

In the first to thirteenth embodiments, binarization is per-
formed after contour extraction. Contour extraction is one
example of a process for extracting an amount of character-
istic of an image. Binarization may be performed after an
amount of characteristic of an image is extracted by other
methods.

While the present invention has been illustrated with ref-
erence to the embodiments shown in the attached drawings,
the present invention is not limited by the detailed description
unless specifically stated, and should be construed broadly as
defined by the Claims.

10

15

20

25

30

35

40

45

50

55

60

65

20

The invention claimed is:

1. A straight line detection apparatus comprising:

a Hough transform part configured to convert a straight line
that passes through an arbitrary point in a specified
image to a value set of coordinates (8,p) in a Hough
space by representing an arbitrary straight line in the
specified image using a length p of a perpendicular
extending from a reference point of the specified image
to the arbitrary straight line in the specified image and an
angle 0 formed by the perpendicular with a reference
axis that passes through the reference point;

a counting part configured to count a number of conver-
sions by the Hough transform part for each value set of
coordinates (8,p) in the Hough space;

an adjustment part configured to adjust a count for each
value set of coordinates (8,p) by means of weighting
depending on at least one of p and 0; and

a detection part configured to detect the straight line in the
specified image by identifying a value set of coordinates
(8,p) for which the adjusted count exceeds a first thresh-
old.

2. The straight line detection apparatus according to claim

1, wherein, when weighting is performed depending on a
value of p, the adjustment part performs weighting so as to
highly evaluate the count for a vicinity of one or more values
of p, and when weighting is performed depending on a value
of 6, the adjustment part performs weighting so as to highly
evaluate the count for a vicinity of one or more values of 0.

3. The straight line detection apparatus according to claim

1, further comprising:

an intersection distance calculation part configured to
determine points of intersection where a straight line in
the specified image corresponding to an arbitrary value
set of coordinates (6,p) in the Hough space crosses a
periphery of the specified image and calculate a distance
between these points of intersection; and

a normalization part configured to normalize the count
adjusted by the adjustment part using the intersection
distance,

wherein the detection part detects the straight line in the
specified image by identifying a value set of coordinates
(0,p) for which the normalized count exceeds the first
threshold.

4. The straight line detection apparatus according to claim

1, further comprising:

an aspect ratio conversion part configured to perform
aspect ratio conversion to convert an aspect ratio of a
specified image before the Hough transform to 1:1 to
generate a square image.

5. The straight line detection apparatus according to claim

1, further comprising:

a binary conversion part configured to perform binary con-
version on the specified image prior to the Hough trans-
form being performed,

wherein, when a point in the specified image is converted to
a value set of coordinates (8,p) in the Hough space, one
is added to the count.

6. The straight line detection apparatus according to claim

1, wherein, when each point in the specified image is con-
verted to a value set of coordinates (0,p) in the Hough space,
a value weighted by a magnitude of an amount of character-
istic of that point in the specified image is added to the count.

7. The straight line detection apparatus according to claim

6, wherein the magnitude of the amount of characteristic
includes a strength of a line segment.
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8. The straight line detection apparatus according to claim
1, wherein the reference point has arbitrary coordinates in the
specified image.

9. The straight line detection apparatus according to claim
1, further comprising a brightness image generation part con-
figured to generate, if the specified image is a color image, a
brightness image from the color image prior to the Hough
transform being performed.

10. The straight line detection apparatus according to claim
5, wherein the binary conversion is performed after a charac-
teristic amount extraction process is performed on the speci-
fied image.

11. The straight line detection apparatus according to claim
10, wherein the characteristic amount extraction process
includes a contour extraction process.

12. The straight line detection apparatus according to claim
3, wherein the detection part excludes a straight line with an
intersection distance not more than a second threshold from
straight line detection regardless of a value of the normalized
count.

13. The straight line detection apparatus according to claim
3, wherein the intersection distance calculation part includes
a simple calculation part configured to calculate the intersec-
tion distance of a straight line in the specified image corre-
sponding to a value set of coordinates (8,p) in the Hough
space after replacing p by zero.

14. A straight line detection apparatus comprising:

aHough transform part configured to convert a straight line
that passes through an arbitrary point in a specified
image to a value set of coordinates (8,p) in a Hough
space by representing an arbitrary straight line in the
specified image using a length p of a perpendicular
extending from a reference point of the specified image
to the arbitrary straight line in the specified image and an
angle 0 formed by the perpendicular with a reference
axis that passes through the reference point;

an intersection distance calculation part configured to
determine points of intersection where a straight line in
the specified image corresponding to an arbitrary value
set of coordinates (6,p) in the Hough space crosses a
periphery of the specified image and calculate a distance
between these points of intersection;

a normalization part configured to count a number of con-
versions by the Hough transform part for each value set
of coordinates (60,p) in the Hough space and normalize a
count for each value set of coordinates (6,p) using a
corresponding intersection distance to calculate a nor-
malized count; and

a detection part configured to detect the straight line in the
specified image by identifying a value set of coordinates
(0,p) for which the normalized count exceeds a first
threshold.

15. The straight line detection apparatus according to claim
14, wherein the detection part excludes a straight line with an
intersection distance not more than a second threshold from
straight line detection regardless of a value of the normalized
count.

16. The straight line detection apparatus according to claim
14, wherein the intersection distance calculation part includes
a simple calculation part configured to calculate the intersec-
tion distance of a straight line in the specified image corre-
sponding to a value set of coordinates (8,p) in the Hough
space after replacing p by zero.
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17.The straight line detection apparatus according to claim
14, further comprising:

a binary conversion part configured to perform binary con-
version on the specified image prior to the Hough trans-
form being performed,

wherein, when a point in the specified image is converted to
a value set of coordinates (8,p) in the Hough space, one
is added to the count.

18. The straight line detection apparatus according to claim
14, wherein, when each point in the specified image is con-
verted to a value set of coordinates (0,p) in the Hough space,
a value weighted by a magnitude of an amount of character-
istic of that point in the specified image is added to the count.

19. The straight line detection apparatus according to claim
18, wherein the magnitude of the amount of characteristic
includes a strength of a line segment.

20. The straight line detection apparatus according to claim
14, wherein the reference point has arbitrary coordinates in
the specified image.

21. The straight line detection apparatus according to claim
14, further comprising a brightness image generation part
configured to generate, ifthe specified image is a colorimage,
a brightness image from the color image prior to the Hough
transform being performed.

22. A straight line detection apparatus comprising:

an aspect ratio conversion part configured to perform
aspect ratio conversion to convert an aspect ratio of a
specified image to 1:1 to generate a square image;

a Hough transform part configured to convert a straight line
that passes through an arbitrary point in the square
image to a value set of coordinates (8,p) in a Hough
space by representing an arbitrary straight line in the
square image using a length p of a perpendicular extend-
ing from a reference point of the square image to the
arbitrary straight line in the square image and an angle 6
formed by the perpendicular with a reference axis that
passes through the reference point; and

a detection part configured to count a number of conver-
sions by the Hough transform part for each value set of
coordinates (8,p) in the Hough space and detect the
straight line in the square image by identifying a value
set of coordinates (8,p) for which the count for that value
set of coordinates (0,p) exceeds a first threshold.

23. The straight line detection apparatus according to claim

22, further comprising:

a binary conversion part configured to perform binary con-
version on an image prior to the Hough transform being
performed and before or after the aspect ratio conver-
sion,

wherein, when a point in the square image is converted to
a value set of coordinates (8,p) in the Hough space, one
is added to the count.

24. The straight line detection apparatus according to claim
22, wherein, when each point in the square image is converted
to a value set of coordinates (6,p) in the Hough space, a value
weighted by a magnitude of an amount of characteristic of
that point in the square image is added to the count.

25. The straight line detection apparatus according to claim
24, wherein the magnitude of the amount of characteristic
includes a strength of a line segment.

26. The straight line detection apparatus according to claim
22, wherein the reference point has arbitrary coordinates in
the square image.

27. The straight line detection apparatus according to claim
23, wherein the binary conversion is performed after a char-
acteristic amount extraction process is performed on the
specified image.
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28. The straight line detection apparatus according to claim
27, wherein the characteristic amount extraction process
includes a contour extraction process.

29. The straight line detection apparatus according to claim
22, further comprising a brightness image generation part
configured to generate, ifthe specified image is a color image,
a brightness image from the color image prior to the Hough
transform being performed.

30. A straight line detection method comprising:

(a) a Hough transform step to convert, with a processor, a
straight line that passes through an arbitrary point in a
specified image to a value set of coordinates (0,p) in a
Hough space by representing an arbitrary straight line in
the specified image using a length p of a perpendicular
extending from a reference point of the specified image
to the arbitrary straight line in the specified image and an
angle 0 formed by the perpendicular with a reference
axis that passes through the reference point;

(b) a counting step to count, with a processor, a number of
conversions in the Hough transform step for each value
set of coordinates (0,p) in the Hough space;

(c) an adjustment step to adjust, with a processor, a count
for each value set of coordinates (6,p) by means of
weighting depending on at least one of p and 0; and

(d)adetection step to detect the straight line in the specified
image by identifying a value set of coordinates (6,p) for
which the adjusted count exceeds a first threshold.

31. A straight line detection method comprising:

(a) a Hough transform step to convert, with a processor, a
straight line that passes through an arbitrary point in a
specified image to a value set of coordinates (0,p) in a
Hough space by representing an arbitrary straight line in
the specified image using a length p of a perpendicular
extending from a reference point of the specified image
to the arbitrary straight line in the specified image and an
angle 0 formed by the perpendicular with a reference
axis that passes through the reference point;

10

15

20

25

30

35

24

(b) an intersection distance calculation step to determine
points of intersection where a straight line in the speci-
fied image corresponding to an arbitrary value set of
coordinates (6,p) in the Hough space crosses a periphery
of the specified image and calculate a distance between
these points of intersection;

(c) a normalization step to count a number of conversions
in the Hough transform step for each value set of coor-
dinates (8,p) in the Hough space and normalize a count
for each value set of coordinates (8,p) using a corre-
sponding intersection distance to calculate a normalized
count with a processor; and

(d) a detection step to detect the straight line in the specified
image by identifying a value set of coordinates (6,p) for
which the normalized count exceeds a first threshold.

32. A straight line detection method comprising:

(a) a conversion step to perform, with a processor, aspect
ratio conversion to convert an aspect ratio of a specified
image to 1:1 to generate a square image;

(b) a Hough transform step to convert, with a processor, a
straight line that passes through an arbitrary point in the
square image to a value set of coordinates (0,p) in a
Hough space by representing an arbitrary straight line in
the square image using a length p of a perpendicular
extending from a reference point of the square image to
the arbitrary straight line in the square image and an
angle 0 formed by the perpendicular with a reference
axis that passes through the reference point; and

(c) a detection step to count, with a processor, a number of
conversions in the Hough transform step for each value
set of coordinates (0,p) in the Hough space and detect
the straight line in the square image by identifying a
value set of coordinates (6,p) for which the count for that
value set of coordinates (8,p) exceeds a first threshold.
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